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filament winding, Piber/tape placement, hand-lay up, bonded joints 
Autoclave/Oven cure 

E-beam cure of composites 
Friction Stir Welding, Plug Welding 
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6 1/2 Generations of 
Airplanes in a Century 



We Must Take the Next Steps Towards 
Safe , Routine Space Travel 



Shuttle Safety Upgrades 








Generations of Reusable Launch Vehicles 
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RLV Technology Demonstration Path 
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Reduce the recurring operational cost of the space transportation architecture to 
$100 per pound of payload (3rd Generation) 

Consideration of non-recurring costs will he included in studies 


X-33 Elements 



Composite 
Thrust Structure 



Future-X Pathfinder Projects and Experiments 
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INTEGRATED VEHICLE HEALTH MANAGEMENT (IVHM) 
(NASA AMES) 

- COMPOSITE LOX TANK (LOCKHEED-MARTIN) 

40 Embedded or Carry-On Experiments Baselined 
for X-37 



Focus Area Technical Goals 
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Testbed for Hosted RLV and Hypersonic Experiments 

♦ On-board instrumentation for testing embedded technologies 

♦ Small area for “carry-on” experiments 


X-34 Expanded View 




X-38 Spacecraft with DPS 




ED22/R. Wingate (256) 544-4631, 2/16/00, pp 5 



Deorbit Module (DM) CDR Design 



ED22/R. Wingate (256) 54<M63 1, 2/16/00, pp 12 


Forward Structural Adapter 
(FSA) CDR Design 



ED22/R. Wingate (2S6) 544-4631, 2/16/00, pp 11 




DPS Without Thermal Blankets Shown 




RLV Focused Propulsion Technologies 

Lightweight Thrust Cells Composite Lines 8 





CHALLENGES IN TECHNOLOGY 

Immediate T rends 


C 

© 


c/3 

G 

G 

H 

G 

G 

G 

•N 

© 

G 

-w 

© 

G 

© 

C/3 

O 

© 

© 

© 

© 

G 

'W 

© 

G 

© 

n-n 

c/3 

© 

03 

a 

• pp 
© 

0 . 


G 

C /3 

© ^ 
-Q © 

«2 "5 

^ G 


© 


G © 

C/T E 

c t- 

.5 © 

.© </3 

E 

© 

C/3 

>*> 

c/3 


G 

© 

G 

G 

© 

-© 




-T U 
G 

© G 


C 

© 


© 


C /3 

3 

*© 

© 

G 

E 

£ 

© 

G 


© 

OX) 

© 

G 


E 

G 

G 

C/3 

<4^ 

G 

© 

G 

C/3 

p* 

# C/3 

C/3 

© 


C/3 

G 

© 

mm 


G 

© 

© 

C/3 

G 

© 

fl 

G 

© 

3 

• PP 

G 

OX) 

c 

© 

C/3 

"n 

N 

© 

G 

*G 

G 

© 

© 

© 

p© 

C 

£ 

E 

© 

© 

• 

■ 

© 

N-i 

*«3 

© 

a 

a 

© 

-© 

© 

G 

G 

3 

s 

G 

a 

E 

© 

© 

* 

a* 

© 

© 

OX) 

G 

• pB( 

m u 

’3 

a" 

© 

& 

© 

G 

Cv 
r a 

© 

© 

c 

• pp 

G 

© 

© 

© 

a 

© 

N-J 

• Pp 
© 

G 

© 

a 

© 

© 

-4-N 

G 

OX! 

•P* 

C/j 

G 

© 

pG 

© 

G 

s 

© 
• wm 

a 

03 

*C/3 

© 

A 

e 

• mm 

in 

© 

On 

G 

s 

"w 

C/3 

© 

*C/3 

'E 

© 

E 

in 

a 

© 

c 

© 

a 

© 

© 

G 

© 

G 

© 


a 

-4 pN 

13 

# © 

G 

pQ 

© 

© 

© 

© 

S 

E 

"g 



G 

i 

i 

i 

i 

© 

© 

S- 


H 

i 

i 

i 

1 

u 

SS 

u 


Materials used for strength critical design, diffusion 
requirements, thermal requirements 



Capability: 3' x 20' x 20klbs; complex 3-D shapes with concave and 
other asymmetrical configurations 

differential tow payout speed and compaction results in uniform part 
thickness; analysis, simulation, and machine programming are all 
administered within one software environment 



Capability: 4' x 12' x 8klbs; cylindrical, spherical, and other 
symmetrical geometry's, very accurate high speed material 
placement 
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Capability: 5' x 5' x lOklbs; cylindrical, conical, and other symmetrical 
geometry's, 


Autoclave 

Description: Pressure vessel/oven used to provide up to 350 psi and 650°F. 
Capability: Four at MSFC; 18’x20\ 12’x30\ 9’xl2’, 5’x9\ Computer control of 





Tape Laying Machine 


Description: Used for Large flat or lightly contoured surfaces. Uses 
3-inch tape material, machine has seven major axes of motion. 
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Processes Combine EB with Tape Placement 





SCIENCE RESEARCH LABORATORY / ELECTRON SOLUTIONS 



« mn-bcdie mocKup of me Ed gun is shown. 

Description: development key to reducing costs, ideal for large 
structures, eliminates requirement for autoclave/oven 




Large Composite Structures Manufacturing 

Description: Development problems include insufficient experience 
and inadequate facilities 


Friction Stir Welding of Aluminum Plate 



Backing Bar 
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Transportation.. 


Non-Destructive Evaluation of Large Composite Structures 
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•Build process witness panels concurrent with hardware production 
•Inspect process witness panels 
•Test qualification panels 


Non-Destructive Evaluation of Large Composite Structures 
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Non-Destructive Evaluation of Large Composite Structures 
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prototype and full scale structures 
Assess impact of sensors on structure performance 
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Perform component article testing 
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